RNA polymerase was precipitated from extracts of radioactively labeled vegetative and sporulating Bacillus subtilis with antiserum prepared against vegetative core polymerase. The precipitates were solubilized and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Antiserum added to an extract of veitive B. subtilis precipitated only the known subunits of core RNA polymerase, but antiserum added to an extract of sporulating cells precipitated a new polypeptide of 70,000 daltons in addition to the subunits of core enzyme. The 70,000-dalton polypeptide precipitated from an tiet of a mixture of vegetative and sporulating B. subb, eqarately labeled with two different radioisotopes, contained only the radioisotope characteristic of the sporulating cells.
RNA polymerase of Bacillus subtilis undergoes at least two changes in subunit structure during the process of sporulation. During the first hour of sporulation, the loss of vegetative sigma factor activity causes a change in the template specificity of RNA polymerase (refs. 1, 2; Linn, T., Shorenstien, R., Greenleaf, A. & Losick, R., in preparation; and J. Brevet, personal communication). Later during sporulation, one of the 0 subunits of polymerase disappears and is apparently replaced by a smaller polypeptide of 110,000 daltons (refs. 2, 3; and Linn et al., in preparation).
The loss of sigma factor activity early during sporulation has offered a possible explanation for the turn off of ribosomal RNA synthesis (4) and the failure of phage ye to grow in sporulating B. subtilis (5) , since the sigma polypeptide is required for the transcription of ribosomal RNA genes (6) and 4e DNA in vitro (2) . These findings prompted us to search in sporulating B. subtilis for similar factors that could direct the transcription of sporulation genes. Such polypeptides might be expected to bind to RNA polymerase and could be isolated by virtue of this binding. We report here the isolation of a 70,000-dalton polypeptide of sporulating B. subtilis that binds to RNA polymerase. This protein appears during the third hour of sporulation and is not present in a mutant blocked early in the sporulation process. The 70,000-dalton polypeptide binds tightly to phosphocellulose and has been extensively purified. A function for this protein in sporulation transcription has not yet been demonstrated.
METHODS
Buffers. Buffers used derive from those described by Burgess (7) and by Chamberlin (8) Preparation of a Cell Extract for Antibody Precipitation. All steps were at 0-4o unless otherwise noted. Each gram of radioactively labeled cells was mixed with 5 ml of buffer G, 6 ml of 120-.um glass beads, 0.25 ml of phenylmethyl sulfonyl fluoride solution (6 mg/ml of 95% ethanol), and 1 drop tri-nbutylcitrate, and disrupted 3-4 min in a Braun shaker. After the liquid was decanted, the beads were washed on a filter funnel with several ml of buffer G; the filtrate and decanted liquid were combined and centrifuged at 110,000 X g for 1.5 hr. The resulting supernatant was adjusted to 60% saturation with solid ammonium sulfate, and after stirring for 0.5 hr, the solution was centrifuged at 100,000 X g for 0.5 hr. The precipitate was resuspended in buffer A (10% glycerol-0.1 M KCl), and the ammonium sulfate precipitation was repeated. After centrifugation, the final precipitate was resuspended in a small volume (typically 1 (Fig. 1B) . The coprecipitation of the polypeptide of molecular weight 70,000 with core polymerase suggested that in sporulating cells this polypeptide is associated with RNA polymerase. It should be noted that the two (3 subunits of vegetative core polymerase are not resolved into separate bands by the 5% acrylamide gels used here to analyze the antibody precipitates. A high resolution SDS-gel system using stacking gels allows separation of the ,B bands and has been used to demonstrate partial disappearance of one of the (3 subunits from the antibody precipitates during the fourth hour of sporulation (Linn et al., in preparation). Since the gels used in Fig. 1 do not separate the two ,B bands, the 155,000-dalton protein band in these gels has been labeled simply (3. Purification of the 70,000-Dalton Protein. The coprecipitation of the 70,000-dalton protein with core enzyme suggests that it is precipitated by virtue of its binding to the core polymerase. An alternative explanation, however, is that the 70,000-dalton protein is directly precipitated by the antiserum. To distinguish between these possibilities it was necessary to separate the 70,000-dalton polypeptide from core enzyme.
An extract of sporulating cells was prepared as described in Methods through the first ammonium sulfate precipitation. portion of the dialyzed sample showed that both the 70,000-dalton protein and core enzyme were still present (not shown).
The dialyzed sample was applied to a 2-ml phosphocellulose column, and the column was then eluted with salt steps of 0.24 M, 0.4 M, and 1.0 M KCl in buffer C. Antiserum added to the 0.4 M KCl fraction of the phosphocellulose column precipitated core enzyme as expected (2), but none of the 70,000-dalton protein was present in the precipitate (Fig. 2A) . The 70,000-dalton polypeptide had apparently been removed from core polymerase in this phosphocellulose step. Antiserum added to the other salt-step fractions of the column also failed to precipitate the 70,000-dalton species. In particular, antiserum added to the 1.0 M KCl fraction precipitated neither the 70,000-dalton polypeptide nor core polymerase subunits (triangles in Fig. 2B ). Coprecipitation of core polymerase and the 70,000-dalton protein did occur, however, when antiserum was added to a mixture of the 0.4 M and the 1.0 M KCl fractions (Fig. 2B) . This result suggests that the 70,000-dalton polypeptide was present in the 1.0 M KCl fraction, but was only precipitated in the presence of added core enzyme. Fig. 2C shows that the 70,000-dalton protein was the major species in the 1.0 M KCl fraction, as determined by SDS-gel electrophoresis of a trichloroacetic acid precipitate of that fraction. Further purification of the 70,000-dalton protein can be obtained by washing the phosphocellulose column with 0.7 M KCl before the 1.0 M KCl step. Table 1 shows that the precipitation of the 70,000-dalton protein by antibody is also stimulated by vegetative core polymerase as well as by the late sporulation polymerase, lacking a , subunit (2), from cells harvested during the sixth hour of sporulation.
The adsorption of the 70,000-dalton protein to the phosphocellulose column suggests that it might bind to nucleic Table 1. acid. This raises the possibility that polymerase may not interact directly with the 70,000-dalton species but with small fragments of DNA or RNA that may be attached to the 70,000-dalton protein. To test this possibility, the purified 70,000-dalton binding protein was treated with approximately equimolar amounts of RNase and DNase for several hours at 50, then mixed with purified vegetative core polymerase and precipitated with antiserum at 0.4 M KC1. The nuclease treatment had no significant effect on the amount of the 70,000-dalton protein precipitated as compared to a parallel experiment using untreated 70,000-dalton protein (data not shown). In addition, it is known that the 0.4 M KCl concentration of the precipitation reaction greatly inhibits the binding of polymerase to nucleic acid (11) .
Direct Interaction of the 70,060-Dalton Protein with Core RNA Polymerase. As further evidence for a direct interaction of the 70,000-dalton polypeptide with polymerase, vegetative core enzyme was treated with antiserum at different times before and after the addition of radioactive 70,000-dalton protein. The experiment of Fig. 3 shows that addition of antiserum to core polymerase before the addition of the 70,000-dalton protein prevented precipitation of the 70,000-dalton species. Addition of antiserum after addition of the 70,000-dalton protein, however, did not prevent the precipitation of this species. As a control, Fig. 3 shows that at each time point, the amount of vegetative core precipitated was nearly constant. Thus, precipitation of the 70,000-dalton protein by antibody requires interaction with polymerase before addition of antiserum, indicating that the 70,000-dalton protein binds directly to free core enzyme and not to core enzyme complexed with antibody. (Hereafter the 70,000-dalton protein will also be referred to as "binding protein.") Specificity of the Binding Protein. Is the binding of the 70,000-dalton species to core enzyme specific, or does it reflect a general affinity. of the binding protein for cellular protein? SDS-gel analysis shows that radioactivity in the binding protein represents less that 2% of the total radioactivity in an extract of sporulating cells (data not shown). binding protein apparently has a much greater affinity for polymerase than for cellular protein in general, for if it bound to all proteins equally, it should represent less than 2% of the radioactivity precipitated.
As a more stringent test of its specificity, the purified binding protein was incubated 2 hr with purified phage X repressor (a gift of P. Chadwick) and then anti-repressor serum was added. (13) .
The binding of the 70,000-dalton protein to RNA polymerase is apparently specific, since this protein does not bind to phage X repressor, to bovine-serum albumin, or to most of the proteins of sporulating cells. It is possible, however, that the binding to RNA polymerase is accidental and unrelated to the function of the 70,000-dalton protein during sporulation.
The RNA polymerase-binding protein of sporulating B. subtilis differs in several respects from the vegetative sigma factor, a protein that also binds to polymerase (ref. 2 , and Shorenstein and Losick, in preparation). First, while sigma factor is apparently lost from RNA polymerase early during sporulation (ref. 1, and Linn et al., in preparation), the binding protein first appears during the third hour of sporulation.
Second, the 70,000-dalton binding protein is larger than sigma factor [about 55,000 daltons (2)] and is therefore not derived from proteolytic cleavage of vegetative sigma factor. Third, although both sigma (2) and binding protein are separated from core polymerase by chromatography on phosphocellulose, vegetative sigma factor does not bind to the resin and elutes in the flow-through, while the sporulation binding protein adheres tightly to phosphocellulose and elutes at 1 M KCl.
A fourth difference between sigma and the 70,000-dalton protein is that while both proteins bind to vegetative polymerase, sigma does not bind to late sporulation polymerase, which lacks a , subunit (Shorenstein and Losick, in preparation). Possibly, sigma and the 70,000-dalton protein bind to different sites on RNA polymerase.
